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Description 

Compositions for use in repairing bone and 
cartilage by implantation of material comprising a 
proliferating chondrocyte cell structure having 
phenotypic capability embedded in a vehicle or gel 
consisting of thrombin, antiprotease, fibrinogen, ex- 
tracellular matrix and one or more growth factors 
that forms a "biological glue" of a biodegradable 
character are described In U.S. Patent No. 
4,642.120. Before implantation, the cells are grown 
in tissue culture and harvested, and the chon- 
drocyte population is embedded in the biological 
glue at a concentration of between from 100,000 to 
500,000 cells per milliliter of glue. Before using this 
fonnufation. damaged cartilage and bone, as in a 
hip or other jwnt are excised by surgery. A match- 
ing implant of the formulation is then inserted in the 
cavity, witit or without bone segments to fill part of 
the volume. Cell proliferation continues in the per- 
missive environment created by the system, while 
external influences are restricted. Chondrocytes 
(cartilage cells) and osteoblasts (kxsne forming 
cells) develop to unite with the existing structure, 
so that after a period of time, the implanted struc- 
ture is virtually indistinguishable from the sunround- 
ing material. 

Numerous advantages are derived from tiiis 
approach in repair of articular cartilage, in compari- 
son, for example, to replacement of a hip joint with 
a low friction metal-plastic prosthesis. The differ- 
ences in the biomechanical properties between the 
bone and the prosthetic element is a major prob- 
lem. Implantation of a prosthesis disables the 
mechanoreceptor system in the capsule of the joint 
which provides feedback for muscle control, result- 
ing in wear and ultimately a need for replacement. 
The multiple freedoms of motion required of the 
joint, as for rotational and sliding movement, cannot 
be provided because of the absence of the 
mechanoreceptor system. In addition, the best low 
friction prosthetics have over 100 times the friction 
of the natural cartilage structure with the interven- 
ing synovial fluid, and for this reason also, wear 
and degradation are inevitable. 

While the composition of Patent No. 4,642,120 
has a demonstrated potential for repair of articular 
cartilage, it also has been recognized to have a 
number of limitations as a result of further experi- 
mental wortc The needed cell proliferation capabil- 
ity viras thought to be best available in embryonal 
chondrocytes (young commlted chondrocytes) but 
for human use. availability Is limited and major 
problems can arise from immune system reactions. 
Bone marrow stem cells are merely mentioned in 
the patent as a different possible source of cells, 
along with mesenchyme cells having (Krtentiality for 
conversion to cartilage cells by self differentiation 



or under the direction of chondrogenic factors. No 
woric was done using these progenitors. Additional 
detailed information and discussion is contained in 
an article entitied "Use of Cultured Chick Epi- 

6 physeal Chondrocytes as Grafts for Defects in 
Chick Articular Cartilage*, by S. Itay et al, Clinical 
Orthopedics , pp. 284-302. July, 1987. 

The article mentioned cites a number of arti- 
cles of general relevance to the topic as a whole. 

10 Three of these are of particular interest because 
they evidence attempts to transplant chondrocytes 
into articular cartilage that encountered limited suc- 
cess because, at least in part of the absence of 
suitable biodegradable viscoelastic material and in- 

15 ability to produce cartilage. The three articles are: 
Bentiey, G. et al. "Homotransplantation of isolated 
epiphyseal and articular cartilage chondrocytes 
onto joint surfaces of rabbits". Nature 230:385 
(1971); Bentiey, G. et al. "Isolated Epiphyseal 

20 chondrocyte allograft onto joint surface-An experi- 
mental study in rabbits", Ann. Rheum. Pis. 37:449 
(1978): and Helbing, G. et al. "In vitro Untersuchun- 
gen an isolierten Chondrozyten zur Prognose von 
Knorpeltransplanten". Helv. Chir. Acta 46:21 

25 (1979). 

As pointed out In U.S. Patent No. 4,642,120, It 
was previously thought that a limit had to be ot>- 
served for chondrocyte concentrations of about 
500.000 cells per milliliter of gel in order to avoid 

QO necrosis of the cells. Also, it was thought ttiat only 
5-50 units of thrombin per milliliter and about 25-80 
mg/ml fibrinogen should be employed, witii the 
setting of the gel being determined by the level of 
the thrombin, which should be kept at a limit of 

35 less than 50 units/ml. These relationships and pa- 
rameters were found on further studies to limit 
proliferation rates and capacities, and capability for 
maturation and transformation of the implant into 
suitable phenotypic expressions, especially in large 

40 defects. Consequentiy, extension of this approach 
to repair of articular cartilage necessitates new 
compositions and procedures. 

Compositions in accordance with the invention 
for regeneration of skeletal tissue employ celt cul- 

45 tures producing cells which express a chon- 
drogenic phenotype. These include bone marrow 
derived chondrocytes and muscle fibroblast-de- 
rived chondrocytes as well as embryonal chon- 
drocytes. Growtii factors, mainly in the form of 10- 

50 20% serum, are employed in the culture medium 
to facilitate cell proliferation. A biological resorbable 
immobilization vehicle (BRIV) in the composition 
comprises preferably about 15-30% serum, 100- 
150 mg/ml of fibrinogen, 60-90 units/ml thrombin, 

55 60 mM calcium chloride (CaCb). and 2000 units/ml 
(KlU) aprotinin. The cells in the Implant are at a 
concentration of 80-160 x 10^ cells/imi of BRIV. The 
resultant composition enables cells proliferation at 
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a higher rate in vivo, matures more quickly and 
transforms more readily into histological identity 
with sun'ounding cartilage and bone structures. 

The present invention is directed to a composi- 
tion for use as an implant in the repair of defects in 
cartilage and bone. The compositions are prepared 
by the isolation of the suitable cells of trypsiniza- 
tton and disruption of the tissue. The cells are 
cultivated on a suitable medium, harvested, and are 
combined with a fibrinogen-based biological resor- 
bable Immobilization vehicle (BRIV). The BRIV gel 
composition with embedded cells can be utilized 
immediately, can be stored for limited periods of 
times (2-3 days) in an incubator, cryopreserved for 
up to 3 years, or the harvested cells can be pre- 
served for long periods of time by deep freezing 
and thawing just before use and then be embed- 
ded In the desired gel composition. When the 
Implant is to be utilized, the damaged cartilage and 
bone are excised by surgery, the gel Is immersed 
in a solution of fibrinogen, the site of Implantation is 
sprayed with a thrombin solution, and the gel im- 
plant is pressed into tiie defect or Injured site. 

The ceils utilized are preferably bone marrow 
progenltal cells, but embryonal cells and chon- 
drocytes derived from muscle fibroblast or other 
mesenchyme originated cells can also be used. 
The bone marrow progenitaJ cells or the muscle 
fibroblast derived chondrocytes afford the advan- 
tage that tiie patient himself can be the donor at a 
convenient early time, with less chance of an auto 
immune response. 

Culturing ttie cells on plastic provides an ade- 
quate growth environment for cell proliferation and 
for tiie selection of the desired cell type. The 
culturing medium contains 10-20% fetal calf serum, 
and may optionally cohtain growth factors such as 
IGFi, IGFii, TGFB, PDGF, or any ottier growtfi fac- 
tors that will be found to facilitate the proliferation 
of the cells. The cells are subcultured until pure 
fibroblast-lilce cell populations are achieved. The 
pure fibroblast-like cell populations are trypsinlzed 
and placed in a suspension culture at a density of 
3-8 X 10^ cells/ml of medium and are cultured 
above soft agar in a F-12 medium (Sigma Co.) with 
10% fetal calf serum (F.C.S.) and 50 ug/ml of 
sodium 8Scort)ate. After several days, the 
fibroblastic cells will be in aggregates of 30-60 
cells. 

Alternatively, tiie cells are trypsinlzed and the 
single cell suspension Is cultured on Hma F-12 
medium (Sigma Co.) on soft agar at a density of 2 
X 10^ to 4 X 10^ cells/ml. 30-50 u.g/ml of sodium 
ascorbate is added daily to the medium. 

The cells which are used in the implant are 
emt)edded in a biological resort^able Immobilization 
vehicle (BRIV). a viscoelastic, biodegradable, 
biocompatible. resort>able matrix, at a concentra- 



tion of 80-160 X 10^ cells/ml of BRIV. The BRIV 
composition provkJes good adhesion and selective 
permeability of nutritive liquids and trophic agents. 
The BRIV gel also mechanically prevents cell mi- 

6 gration. In addition, apart from fixing the chon- 
droycytes in tiie defect sites, the BRIV also serves 
effectively as a proper extracellular milieu, support- 
ing the growth and the differentiated state of the 
chondroycytes. while preventing fibroblast penetra- 

10 tion and proliferation. 

The omiposition of the BRIV comprises about 
15-30% serum, 100-150 mg/ml of fibrinogen, 60-90 
units/ml thrombin, 60mM calcium chloride (CaCb), 
and an antiprotease, such as aprotinin. Preferably, 

IS the BRIV implant composition comprises 20% fetal 
calf serum, 150 mg/ml fibrinogen, 90 units/ml of 
thrombin in 60mM of CaCla. and 2000 units/ml 
(Kill) aprotinin. The serum utilized in the BRIV can 
be fetal calf serum, umbilical cord serum from the 

20 second trimester, or horse serum, although fetal 
caff serum is preferred. Generally, a natural non- 
plasma protease Inhibitor Is used to prevent fast 
lysis of the matrbc A combination of polysaccharide 
inhibitors with plasma protease inhibitors and/or 

25 synthetic protease Inhibitors can be used. Suitable 
protease Inhibitors are chemical inhibitors such as 
epsllon-amlnocaproic add used in quantities of 
about 200 - 400 mg/ml of gel, and tranexemic acid, 
used in quantities of about 200-400 mg/ml of gel. 

30 Polysaccharide Inhibitors can also be used. Also, a 
natural non-plasma protease inhibitor such as anti- 
trypsin (Chicken egg white, Sigma, type 111) may be 
used or suitable synthetic protease inhibitors. Plas- 
ma protease inhibitors may also be utilized. 

35 The bioimplants of the invention can be utilized 
in various ways. A freshly prepared implant (BRIV 
composition containing embedded cells) can be 
applied directiy to the injured site or defect. In 
addition, the BRIV composition with embedded 

40 cells can be covered with F-12 medium (Sigma 
Company) plus 10% fetal calf serum and can be 
stored in a CO2 incubator for a 2-3 days, at about 
37* C. Further, an implant can be prepared from 
cryopreserved cells (90% fetal calf serum and 10% 

45 DMSO) in liquid nitrogen (cryopreserved for up to 3 
years) which have been thawed and then embed- 
ded in BRIV. As a preferable option, the cells can 
be collected by centrifugation, and the complete 
implant with cells embedded in BRIV can be 

50 cryopreserved (90% fetal calf serum and 10% 
dimethyl sulfoxide (DMSO)) in liquid nitrogen for 
longer periods. The Implant in tills case Is tiiawed 
in tiie operating room and immediately implanted. 
An implant may optionally contain bone segments 

65 or bone substitute to fill part of the volume. 

When the implant Is to be utilized, the Injured 
sHe or defect is sprayed with a thrombin solution, 
and the BRIV matrix containing cells is immersed 
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in a solution containing fibrinogen and antiprotease. 
The implant is pressed into the injured site or 
defect so as to fill up the defect. The thrombin 
solution comprises 90 units/ml thrombin In 60mM 
CaCl2. 

Within 48 hours after implantation, chondrocyte 
proliferation is seen. Two weeks later, hyaline car- 

tilage matrix surrounds these cells. Within eight 
weeks, the defects are completely filled with 
hyaline cartilage which integrates smoothly with the 
neighboring cartilage without the formation of fi- 
brous tissue at the interface. The cell content and 
the rate of proteoglycan synthesis in the reparative 
tissue remains high for four months, then declines 
slowly towards the level of the surrounding car- 
tilage. Six months after transplantation, the car- 
tilaginous repair tissue at the level t>e!ow the os- 
sification front shows penetration by vascular ele- 
ments and cartilage to bone transformation. Eigh- 
teen months after transplantation, all the implant 
below the ossification front transforms into bony 
elements, while the articular part of the implant 
remains cartilaginous with all the properties of the 
original cartilage. No signs of immunogenic rejec- 
tion or degenerative changes of the implant are 
observed. On the contrary, the articular surface of 
the implanted area appears to be younger than the 
original surface. 

The composition of the invention penmits cell 
proliferation at a higher rate in vivo. The cells in the 
implant mature more quickiyi and transform more 
readily into histological identity with the sunround- 
ing cartilage and bone structures. Within two 
months of transplantation, the defect is filled prop- 
erty with active proliferating cells, and is integrated 
well with no fibrocartilage or other soft tissue at the 
edges. At 2 to 6 months, all the implant that is 
below the osteochondral junction is transformed 
into bone while articular cartilage retains its car- 
titagineous properties. The biodegradable BRIV of 
the Implant has been reabsorbed. 

The following specific Examples can be used 
to further illustrate the invention which contain a 
best mode. The Examples were prepared and test- 
ed as described. 

Example 1 

Implant Containing Bone Marrow Derived Chon- 
drocytes 

Autologous or homologous bone marrow is ob- 
tained by aspiration with a bone biopsy needle 
from the iliac crest or femoral canal. The aspirated 
cells are injected into phosphate buffered saline 
(PBS) containing 0.25% trypsin and injected se- 
quentially through 17. 18 and 20 gauge needles to 
achieve a single cell suspension. Higher gauge 



needles are found to Induce some cell destruction. 
The cells are plated at a density of 50-100 x 10^ 
cells on 100 mm tissue culture dishes fed with 
BGJb medium (GIBCO) with 15% F.C.S. The me- 
5 dium is changed daily or as required by the prolif- 
eration rate of the ceils. The medium may be 
supplemented by growth factors such as IGF|, 
IGF|. TGFB. PDGF or any other growth factors that 
will be found to facilitate the proliferation of the 
10 cells. The cells are sut)cultured weekly and after 5- 
6 subculturings, an almost pure fibroblastic stromal 
cell population Is achieved. This cell population is 
then trypsinized and put In a suspension culture at 
a density of 3-8 x 10^ cells/ml of medium and 
fs cultured above soft agar in a F-12 medium (Sigma 
Co.) with 10% F.C.S. and 50 ug/ml sodium ascor- 
bate added daily to the medium. The fibroblastic 
stromal cells start to aggregate immediately and 
after three-seven days, most of the cells are In 
20 aggregates of 30-80 cells. All the aggregates ex- 
press a chondrogenic phenotype, as determined by 
employing histochemical and immunohistochemical 
probes for analysis. 

Although bone marrow derived chondrocytes 
25 are preferred in this example, one can use chon- 
drocytes or osteoblasts of autologous or homolo- 
gous origin, or homologous commited chon- 
drocytes, or any other progenital cells of mesen- 
chymal origin. It can be seen that this initial for- 
do mulatlon comprises purification, proliferation and 
manipulation of a population expressing a chon- 
drogenic or osteogenic phenotype. More specifi- 
cally, the proliferating cells are from the class com- 
prising bone marrow stroma cells, embryonal com- 
as mited chondrocytes and any undifferentiated 
mesenchymal cells. 

To incorporate the cells in a biodegradable 
viscoeiastic matrix, the resulting pellet of cells is 
resuspended in a small volume of phosphate buffer 
40 saline (PBS) containing fibrinogen (150 mg/ml) and 
20% of fetal calf serum and aprotinin. available 
under the trademartc "Trasylol®" (2000 KlU/ml) or 
another antiprotease. The solution contains cells 
(ranging In concentration between 80-160 x 10^ 
45 cells/ml), fibrinogen, 15-30% serum and anti- 
protease and may be designated solution A. Spe- 
cifically in this example 120 x 10^ cells/ml of BRIV. 
20% fetal calf serum. 150 mg/ml fibrinogen, SO 
units/ml of thrombin In 60 mM CaCb, and 2,000 
50 units of aprotinin are employed. A second solution, 
designated as solution B. comprises thrombin (90 
units/mnl In 60 mM CaCl2). The solutions are mixed, 
keeping the ratio of solutions A and B 3:1 (v/v). The 
implant is immersed in F-12 medium containing 
55 10% F.C.S. and may be immediately used. Alter- 
natively, the implant may be cryopreserved (in 
LN2. for example) in 90% F.C.S. and 10% DMSO 
(or any other cryopreservation regime). At trans- 
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plantation, the defect is sprayed with a thrombin 
solution and the implant Is press fitted into the 
defect 

Data collected in experimentation with bone 
manrow derived chondrocytes and embryonal de- 
rived chondrocytes in several species (avian and 
mammalian) by macroscopic observation, histologi- 
cal sections, and biochemical test showed that at 
the site of transplantation within two months the 
defect Is filled properly with a complete congru- 
ency at the articular surface and perfect integration 
with no fibrocartllage or other soft tissue at the 
interfaces. At 2 to 6 months all the implant that is 
below the osteochondral junction is transformed 
Into bone while articular cartilage retains Its car- 
tilaglneous properties. No degenerative changes or 
immunological rejection is observed after pro- 
longed follow-up periods. 

Although the serum is preferentially fetal calf 
serum in this example, umbilical cord serum from 
the second trimester or horse serum or any com* 
bination of these may be employed. No extracel- 
lular matrix need be used. 

Example 2 

Preparation of Composition for Cartilage Repair 

As starting material, epiphysis of long bones 
(tibia, femur, humerus) was used. The isolation 
procedure of emt>ryonal chondrocytes comprises 
trypsinization of the epiphysis (1% porcine trypsin), 
incubation tor 60 minutes at 37 "C. and vortexing 
for 2 minutes In each 10 minute interval and there- 
after a gentle mechanical disintegration of the tis- 
sue by a Teflon channeled homogenizer. Trypsin 
activity is terminated by serum which contains an 
antiproteolytic substance. The resulting single cell 
suspension Is then seeded for several days (4-7 
days) in Ham F-12 medium (Sigma Co.) on plates 
coated with soft agar (0.5% Bacto-agar in l-lam F- 
12) at a density of 2 x 10^ to 4 x 10^ cells/ml. An 
amount of 50 ug of sodium ascorbate is added 
dally to the medium. During this growth period, 
most of the fibroblasts are dying off and chon- 
drocyte enrichment does occur. The cells are col- 
lected by centrifugatlon and used directly in the 
BRIV as a fresh graft Alternatively, the complete 
graft may be cryopreserved. or the cells may be 
cryopreserved (90% fetal calf serum (F.C.S.) and 
10% dimethyl sulfoxide (DMSO)) in liquid nitrogen 
for longer periods and embedded at a later date In 
BRIV. The cells were collected and embedded at a 
concentration of 80-160 x 10^ cells/ml of the same 
viscoelastic biodegradable matrix as in Example 1. 
The results obtained are comparable to those of 
Example 1. 



Examples 

Implant Containing Muscle Fibroblast-Derived 
Chondrocytes 

6 

Autologous or homologous muscle is obtained 
by an open biopsy under local anesthesia The 
muscle is minced into very small pieces of tissue 
and is then trypsinized for 30 minutes in 0.5% 

10 trypsin in P.B.S. and Ethylene Diamine Tetraacetic 
Acid (E.D.TA) with occasional vortexing. The try- 
psinized cells are then filtered through a S3 micron 
Nitex filter. The trypsinization is then stopped by 
M.E.M. (minimal essential) medium (GIBCO Co.) 

15 containing 15% F.C.S. After centrifugation, the pel- 
let of cells is washed with M.E.M. medium contain- 
ing 15% F.C.S. The cells are then plated at a 
density of 50-100 x 10^ cell per 100 mm tissue 
culture dishes and are maintained daily with 

20 M.E.M. medium with 15% F.C.S. The ceils are 
subcultured weekly on M.E.M. medium with 15% 
F.C.S. and after three subculturings, a pure 
fibroblastic-IIke population is achieved. This cell 
population is then trypsinized and put in a suspen- 
ds sion culture at a concentration of 3-8x10^ cells/ml. 
of medium and cultured above soft agar In F-12 
medium (Sigma Co.) with 10% F.C.S. and 50 ug/ml 
of sodium ascorbate added daily to the medium. 
The fibroblastic cells start to aggregate immedi- 

30 ately and after three to seven days most of the 
cells are in aggregates of 30-60 cells. All the ag- 
gregates express a chondrogenic phenotype as 
determined by employing histochemlcal and Im- 
munohistochemlcal probes for analysis. 

35 Altiiough muscle-derived chondrocytes are pre- 
fenred in this example, one can use bone marrow- 
derived chondrocytes or commited chondrocytes 
as well. The cells are collected by centrifugation 
and direclty embedded at a concentration of 80- 

40 160 X 10^ cells/ml of the same viscoelastic biodeg- 
radable matrix (BRIV) as in Example 1. Alternative- 
ly, the cells can be cryopreserved On 90% F.C.S. 
and 10% DMSO) in liquid nitrogen for long periods, 
thawed before usage, embedded in BRIV at a 

45 concentration of 80-160 x 10^ cells/ml and used. 
As a further alternative, the cells can be embedded 
in BRIV. with the entire implant toeing cryopreser- 
ved In 90% F.C.S. and 10% DMSO, and thawed 
before usage in the operating room. The results 

50 obtained are comparable to those of Example 1 . 

Example 4 

Preparation of Composition for Bone Repair 

55 

In order to regenerate bone defects, one of 
three methods may be used. 

4A. For small defects 2-4 cm in length, one uses 
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an Implant as proposed in Examplel. Example 
2. or Example 3. 

4B. For large defects, a composition graft of 
bone substitute used as a supporting matrix with 
biomechanical properties near to the properties 
of a native bone is used. The cells are com- 
bined with this matrix via the biodegradable 
fibrinogen based adhesive matrix. 
4C. The bone marrow stromal cells can be in- 
duced in vitro to express an osteoblastic 
phenotype and used directly as in 4A or 4B to 
correct bony defects. (This can be used only In 
the autologous group where the bone marrow 
originates from the patient with the bone de* 
feet.) 

The Process 

A traumatic (fracture) or pathologic (tumor) or 
degenerative disease defect in bone or articular 
cartilage is cleaned up and shaped into geometric 
configuration (cuboidal or cylindrical). In the case 
of an articular surface, the entire procedure can be 
done through an arthroscopic device. 

After the damage area is prepared, a frozen 
implant with an identical shape (prepared as de- 
scribed in detail in Example 1, Example 2 or Exam- 
pie 3) is rapidly thawed by putting It into saline at 
37 'C. for 5-10 minutes. 

The implant is then immersed in a solution of 
fibrinogen and the implantation site is sprayed with 
the thrombin solution. The implant is now press 
fitted into the defect In an articular defect, continu- 
ous passive motion is started immediately. 

In the case of large defects, a composite graft 
of the biological implant embedded in (or above) a 
bone substitute material of suitable shape can be 
used. This implant will be either custom made or 
as a commercial standard type. 

While various alternatives and modifications are 
proposed above, it will be appreciated that the 
invention is not limited thereto but encompasses all 
forms and variations in accordance with the appen- 
ded claims. 

Claims 

1. A composition for the regeneration of articular 
cartilage and bones by implantation comprising 
bone marrow derived chondrocytes or 
osteoblasts of autologous or homologous ori- 
gin, or homologous committed chondrocytes, 
or autologous or homologous muscle fibroblast 
derived chondrocytes or any other progenital 
cells from mesenchymal origin and a biodeg- 
radable, biocompatible. t>iological resorbable 
immobilization vehicle (BRIV) adhesive glue 
consisiting of fibrinogen, thrombin. CaCk, prot- 



ease inhibitor, and about 10-30% serum, char- 
acterized In that said composition contains 
from 80-160 x 10^ cells/ml of BRIV. 

6 2. The composition according to claim 1. wherein 
said serum comprises 15-30% serum selected 
from fetal calf serum or umbilical cord serum 
from the second trimester or horse serum or 
any combination of such serums. 

10 

3. The composition according to claim 1. wherein 
the cells are of bone marrow derived chon- 
drocytes at a concentration of 120 x 10^ 
cells/ml of BRIV that can be induced in culture 

15 to proliferate and be converted to express 
chondrogenic or osteogenic phenotypes. 

4. The composition according to claim 1 . wherein 
the cells are of muscle fibroblasts derived 

20 chondrocytes at a concentration of 120 x 10^ 
ceils/inl of BRIV that can be induced in culture 
to proliferate and be converted to express 
chondrogenic or osteogenic phenotypes. 

25 5. The composition of claim 1. wherein the prot- 
ease inhibitor is selected from the group con- 
sisting of polysaccharide Inhibitors, plasma 
protease inhibitors, and synthetic and natural 
non-plasma protease inhibitors. 

30 

6. A method of preparing a skeletal tissue implant 
comprising a composition in accordance with 
any of the preceding claims, which methods 
comprises the steps of: 
35 a. purification, proliferation and manipulation 

of a cell population expressing a specific 
chondrogenic or osteogenic phenotype; and 
b. embedding the cells in a biological resor- 
bable immobilization vehicle (BRIV) com- 
40 prising at least 10%. preferably 15-30%. 

serum so that tiie concentration of the cells 
is between 80 x 10^ and 160 x 10^ cells/ml 
of BRIV. 

45 7. The method according to claim 6, wherein the 
proliferating cells are selected from bone mar- 
row stroma cells, embryonal committed chon- 
drocytes, or chondrocytes derived from muscle 
fibroblasts and any undifferentiated mesen- 

50 chymal cells. 

8. The method according to claim 6 or 7, wherein 
the BRIV includes 100-150 mg/ml fibrinogen 
and 60-90 units/riil thrombin, and wherein the 

55 BRIV further Includes about 2,000 units/ml 

aprotinln. 

9. The method according to any of claims 6 to 8. 
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wherein the cells are embedded In a BRIV in a 
suitably shaped bone sut>stitute. 

10. The method according to any of claims 6 to 9. 
comprising the steps of: 

a. cuituring a proliferating cell population 
comprising autologous bone marrow stroma 
cells or autologous muscle fibroblast de- 
rived chondrocytes; 

b. manipulating them in suspension above 
soft agar at a concentration in excess of 2 x 
10^ cells/ml of medium for at least five 

days: 

c. harvesting the cells; and 

d. embedding the cells at a concentration in 
excess of 80 x 10^ cells/ml of BRIV com- 
prising in excess of 10% serum. 100 mg/ml 
fibrinogen, and 60 units/ml thrombin in an 
excess of 40 mM CaCb and 2000 units 
aprotinin. 

11. The method according to claim 10. wherein the 
BRIV includes 15-30% serum and 60 units/ml 
thrombin in an excess of 60 mM CaCb. 

12. The method according to claim 10. wherein the 
biological implant is stored under low tempera- 
ture conditions after preparation with a preser- 
vative medium containing 90% fetal calf serum 
and 10% DMSO, and wherein there is about 
20% serum. 

13. The method according to any of claims 10 to 
12, wherein the harvested cells are stored un- 
der low temperature conditions after prepara- 
tion with a preservative medium containing 
90% fetal calf serum and 10% OMSO, and 
embedded at a later date in BRIV. 

14. The method according to claim 10. wherein the 
serum Is selected from fetal calf serum, umbili- 
cal cord serum from the second trimester, and 
horse serum. 

PatentansprUche 

1. Etne Zusammensetzung zur Regenerierung 
von Gelenkknorpel und Knochen durch Implan- 
tation, die knochenmark-stammige Chondrozy- 
ten Oder Osteoblasten von autologem oder ho- 
mologem Ursprung. oder homologe festgelegte 
Chondrozyten. oder autologe oder homologe 
muskelfibroblasten-stSmmige Chondrozyten 
Oder irgendwelche andere Vorlauferzellen von 
mesenchymalem Ursprung und einen biolo- 
glsch abt)aubaren. blokompatiblen. blotogisch 
resorbierbaren ImmobilisationsvehikeKBRIV)- 
Haftkleber. der aus Fibrinogen. Thrombin. 



CaCb. Proteaselnhibitor und etwa 10-30% Se- 
rum besteht umfa5t, dadurch gekennzeichnet 
da0 die genannte Kombination von 8 bis 160 X 
10^ Zellen/ml BRIVenthait. 

6 

2. Zusammensetzung nach Anspruch 1. bei der 
das genannte Serum 15 bis 30% Serum dar- 
stellt, das ausgewShlt ist aus fStalem KSlberse- 
rum Oder Nabelschnurserum aus dem zweiten 

10 Trimester oder Pferdeserum Oder irgendeiner 
Kombination derartiger Sera. 

3. Zusammensetzung nach Anspruch 1, bei der 
die Zellen knochenmaric-stSmmige Chondrozy- 

75 ten in einer Konzentration von 120 x 10^ 

Zellen/ml BRIV sind. die in Kultur zur Vermeh- 
rung angeregt werden k5nnen und so umge- 
wandett werden konnen, daB sie chondrogene 
Oder osteogene PhSnotypen hervorbringen. 

20 

4. Zusammensetzung nach Anspruch 1, bei dem 
die Zellen muskelfibroblasten-stSmmige Chon- 
drozyten in einer Konzentration von 120 x 10^ 
Zellen/ml BRIV sind, die in Kultur zur Vermeh- 

25 rung angeregt werden konnen und die so um- 
gewandelt werden kSnnen. daiS sie chondroge- 
ne und osteogene PhSnotypen hervorbringen. 

5. Zusammensetzung nach Anspruch 1. bei der 
so der Proteaselnhibitor aus der Gruppe ausge- 

wShlt ist. die aus Polysaccharidinhibltoren. 
Plasmaproteaseinhibitoren und syntetischen 
und natOriichen NIchtplasmaproteaseinhibitoren 
besteht 

35 

6. Verfahren zur Herstellung eines Skelettgewe- 
beimplantats. das eine Zusammensetzung ge- 
mS0 irgendeinem der vorausgehenden AnsprO- 
che umfaiJt, wot)ei das Verfahren die Schritte 

40 umfafit 

a. Reinlgung. Vermehrung und Manipulation 
einer Zellpopulation. die einen speziflschen 
chondrogenen oder osteogenen PhSnotyp 
hervorbringt; und; 

45 b. Einbetten der Zellen in ein biologisch 

resorbierbares tmmobilisationsvehikel 
(BRIV), das wenigstens 10%. vorzugsweise 
15 bis 30% Serum aufweist, so daB die 
Konzentration der Zellen zwischen 80 x 10^ 

50 und 1 60 X 1 Zellen/ml BRIV liegt 

7. Verfahren nach Anspruch 6. bei dem die sich 
vermehrenden Zellen ausgewShIt sind aus 
Knochenmark-Stromazellen, embryonalen fest- 

55 gelegten Chondrozyten. oder Chondrozyten, 
die muskelfit>roblasten-st§mmig sind. sowie Ir- 
gendwelchen undifferenzierten mesenchyma- 
len Zellen. 
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a Verfahren nach Anspatch 6 Oder 7, bei dem 
das BRIV 100 bis 150 mg/ml Fibrinogen und 
60 bis 90 Enheiten/ml Thrombin enthaH und 
bei denr) das BRIV auBerdem etwa 2000 
Bnheiten/ml Aprotinin enMIt 

9. Verfahren nach irgendeinem der AnsprUche 6 
bis 8» bei dem die Zellen in einem BRIV in 
einem geeignet geformten Knochenersatz ein- 
gebettet sind. 

10. Verfahren nach irgendeinem der AnsprUche 6 
bis 9, das die Schritte umfa/^t 

a. Kultivieren einer sich vermehrenden Zell- 
population, die autoioge Knochenmarlc-Stro- 
mazellen oder autoioge muskeffibroblasten- 
stammige Chondrozyten umfaBt 

b. deren Manipulation in Suspension Qber 
weichem Agar in einer Konzentration von 
mehr als 2 x 10^ Zelien/hil Medium fOr 
wenigstens 5 Tage; 

c. Emten der Zellen; und 

d. Einbetten der Zellen In einer Konzentra- 
tion von mehr als 80 x 10^ Zellen/ml BRIV, 
das mehr als 10 % Serum, 100 mg/ml Rbrl- 
nogen und 60 Einhelten/hni Thrombin in eh 
nem OberschuB von 40mM CaCb und 2000 
Bnheiten Aprotinin umfasst 

11. Verfahren nach Anspruch 10, bei dem das 
BRIV 15 bis 30% Serum und 80 Enheiten/ml 
Thrombin in einem OberschuB von 60mM 
CaCIa enthSIt 

12. Verfahren nach Anspruch 10, bei dem das 
biologische Implantat nach seiner Herstellung 
unter Niedertemperaturbedingungen mit eInem 
Konservierungsmedium gelagert wird, das 90% 
fdtales KSIberserum und 10% DMSO enthSIt, 
und wobei etwa 20% Serum vorilegen. 

13. Verfahren nach irgendeinem der AnsprOche 10 
bis 12, bei dem die geemteten Zellen nach 
ihrer Herstellung unter Niedertemperaturbedin- 
gungen mit einem Konservierungsmedium ge- 
lagert werden. das 90% f5tales Kalberserum 
und 10% DMSO enthMIt, und bei dem sle zu 
einem spSteren Zeitpunlct in BRIV eingebettet 
werden. 

14. Verfahren nach Anspruch 10, bei dem das 
Serum ausgewShIt ist aus f5talem Kglt>erse- 
rum. Nabelschnurserum aus dem zweiten Tri- 
mester und Pferdeserum. 

Revendlcations 

1. Composition pour la r^g^n^ration de cartilage 



artlculaire et d'os par implantation comprenant 
des chondrocytes ou des ostdoblastes prove- 
nant de moelie osseuse d*origine autologue ou 
homologue, ou des chondrocytes diff^renci^s 

6 homologues, ou des chondrocytes provenant 
de fibroblastes musculaires autologues ou ho- 
mologues ou toutes autres cellules progenita* 
les d'origine m^senchymateuse et une colle 
adhesive formant un vShicule d*immobillsation 

70 r§sort>abie bioiogique (BRIV), biocompatible, 
biodegradable constitute de fibrinog&ne, de 
thrombine, de CaCb. d'inhibiteur de protease 
et d*environ 10-30 % de strum, caracttriste 
en ce que ladite composition contient de 80- 

YS 160 X 10^ cellules/^l de BRIV. 

2. Composition suivant la revendication 1, carac- 
ttriste en ce que le strum comprend 15-30 % 
de strum choisi parmi du strum de veau foe- 
20 tal ou du strum de cordon ombilical du second 
trimestre ou du strum de cheval ou i*une quel- 
conque comblnaison de ces stnjms. 

3* Composition suivant la revendication 1. Carac- 
as ttriste en ce que les cellules sont constitute 
de chondrocytes provenant de moelle osseuse 
h une concentration de 120 x 10^ cellules/ml 
de BRIV qui peuvent etre induites en culture 
pour proliftrer et ttre converties pour exprimer 
30 des phtnotypes chondrogtniques ou osttogt- 
nlques. 

4. Composition suivant la revendication 1, carac- 
ttrlste en ce que les cellules sont des chon- 

35 drocytes provenant de fibroblastes musculaires 
& une concentration de 120 x 10^ cellules/ml 
de BRIV qui peuvent 6tre induites en culture 
pour proliftrer et §tre converties pour exprimer 
des phtnotypes chondrogtniques ou osttogt- 

40 niques. 

5. Composition suivant la revendication 1, carac- 
ttriste en ce que I'inhibiteur de prottase est 
choisi dans le groupe comprenant les inhibi- 
ts teurs de polysaccharide, les inhibiteurs de pro- 
ttase plasmatiques et les inhibiteurs de pro- 
ttase non plasmatiques synthttiques et natu- 
rels. 

50 6. Proctdt de prtparation d'un implant de tissu 
du squelette comprenant une composition sui- 
vant i*une quelconque des revendlcations prt- 
ctdentes. lequel proctdt comprend ies ttapes 
sufvantes : 

55 a. la purification, la prollftration et la mani- 

pulation d*une population celtulaire expri- 
mant un phtnotype chondrogtnique ou os- 
ttogtnique sptcifique. et 
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b. I'incorporation des cellules dans un v^hi- 
cule d'immobltisation resorbable biologique 
(BRIV) comprenant au moins 10 %, de pr^- 
^rence 15-30 % de s^rum de telle sorte 
que la concentration des cellules se situe 6 
entre 80 x 10^ et 160 x 10^ cellules/imi de 
BRIV. 

7. Proc^dd suivant la revendlcation 6, caractdrisd 
en ce que les cellules prolif§rantes sont choi- io 
sies parmi des cellules de stroma de moelle 
osseuse, des chondrocytes dlff^renci^s em- 
bryonnaires ou des chondrocytes provenant de 
ftbroblastes musculaires et toutes cellules m^- 
senchymateuses non diff^renct^es. is 

8- Proc€d6 suivant Tune ou Tautre des revendica- 
tions 6 et 7, caract^ris^ en ce que le BRIV 
comprend 100-100 mg/lml de fibrinog^ne et 
60-90 unlt6s/ml de thromblne et en ce que le 20 
BRIV comprend de plus environ 2000 unitSs/ml 
d'aprotinine. 



vatton contenant 90 % de s^rum de veau 
foetal et 10 % de DMSO et en ce qu'il y a 
environ 20 % de s^rum. 

13. Proc^dd suivant Tune quelconque des revendi- 

cations 10 ^ 12. caract^ris^ en ce que les 
cellules recueiilies sont conserv^es sous des 
conditions de basse temperature apr^s la pre- 
paration avec un milieu de conservation conte- 
nant 90 % de s^rum de veau foetal et 10 % de 
DMSO et en ce qu'elles sont incorpor^es k 
une date uttdrieure dans du BRIV. 

14. Precede suivant la revendlcation 10, caract^ri- 
sd en ce que le s^rum est choisi parmI du 
s^rum de veau foetal, du s^rum de cordon 
ombilical du second trimestre et du s^rum de 
cheval. 



9. Proc^de suivant Tune quelconque des revendi- 
cations 6 i 8. caract^rise en ce que les cellu- 25 
les sont incorpor^es dans un BRIV dans un 
produit de remplacement osseux faponnd de 
fagon appropri^e. 



10. Procddd suivant I'une quelconque des revendl- so 
cations 6^9, comprenant les Stapes suivantes 

a. la culture d'une population cellulaire prolt- 
fdrante comprenant des cellules de stroma 

de moelle osseuse autologues ou des chon- as 
drocytes provenant de fibroblastes mus- 
culaires autologues. 

b. leur manipulation en suspension au-des- 
sus d*agar mou h une concentration exc^- 
dant 2 X 10^ celluies/ml de milieu pendant 40 
au moins cinq jours; 

c. la r^colte des cellules, et 

d. rincorporation des cellules ^ une concen* 
tration exc^dant 80 x 10^ cellules/ml de 
BRIV comprenant plus de 10 % de sirum. -45 
100 mg/ml de fibrinog§ne et 60 unites/ml de 
thromblne dans un exc^s de 40 mM de 
CaCb et 2000 unites d'aprotinine. 

11. Precede suivant la revendlcation 10, caractdri- 50 
se en ce que le BRIV comprend 15-30 % de 
serum et 60 unites/ml de thromblne dans un 
excds de 60 mM de CaCfe. 



12. Procede suivant la revendication 10. caracteri- 55 
se en ce que rimplant biologique est conserve 
sous des conditions de basse temperature 
apr^s la preparation avec un milieu de conser- 
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